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Abstract 
In general, the experience at inspection of motor road bridges and viaducts indicates the “water-proofing” system as one of the 
most vulnerable elements in a roadway structure. In many cases they are made with considerable deviations from specifications, 
violations of the engineering construction technology, etc. 
To manufacture a strong and durable roadway covering with a high wear resistance and resistance to the attack of corrosive 
media (water, salt, oil, etc.), the polymer concrete on the polyester, furfural acetone and epoxy, and the carbamide resin was 
studied. The most profitable material for the roadway pavement appears to be a polyester polymer concrete capable to harden at 
the subzero temperature and at the cost which is 2-3 times less than that of the epoxy material. Polyester polymer concrete 
materials possess the sufficient water resistance (Kb=0.7-0.85) and frost resistance (300-500 cycles). The high resistance to the 
attack of various acids and alkalis permits to obtain wear resistant coatings for bridge roadways. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
Since 1981 Motor Road Bridges and Viaducts Inspection Program has been conducted in the Region of Lipetsk, 
Russia. More than 100 bridges and viaducts of 20.000 m total length have been examined within this period. 
According to their maintenance time and bridge framework design type, they can be arranged in three groups: 
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x old reinforced concrete bridges built in 1910-1914, 
x standard reinforced concrete bridges built in 1958-1970, 
x bridges of various designs (reinforced concrete, metal type) built in 1970-1995. 
The first group of bridges represents the best interest as far as quite a new construction material for Russia at the 
beginning of the 20th century, i.e. reinforced concrete, was applied. Those bridges were designed and constructed by 
"Industrial Engineer Gringof I.G. and B-T" company in the Regions of Lipetsk, Tambov and Voronezh. In 1998-
1999, two of those bridges built in 1910-1911 were put to survey and test. The first of them is a continuous structure 
with six frameworks of total length of 160 m and overall dimensions of frameworks of 20×20+4×25 m. Three 
principal girders of 137×40 cm cross-section at mid-upon and 230×50 cm cross-section at the support constitute a 
framework structure of the bridge. Bankshore and internal support are bulky and finished in high artistic stucco. 
Being one of the first bridges made of reinforced concrete in Russia, that bridge is one of the most interesting 
significant structures of this type as regards its design, component arrangement and architecture. Another bridge was 
developed by the same company in 1911. Its total length amounts to 50 m (three frameworks of 15 m each) and 
bankshore cantilever beams being 2.5 m each of them. This bridge design is analogous to the previous one - the 
principal girders are rigidly linked with the supports creating two columns of 50x50 cm cross-section connected by 
three horizontal and two diagonal junctions. There are two main girders and one minor girder edgewise of the bridge 
structure [1-3]. 
2. The Characteristics of the Problem Statement 
The roadway designs of the two bridges differ. The first one is paved with asphalt concrete which is up to 8 cm 
thick, the other has preserved its original covering-block pavement with sandy base below. The bridges design 
difference resulted in their different conditions as confirmed by inspection actions. The first bridge roadway 
pavement has failed intensely because of the waterway system damage during use (according to Gringof’s design, 
water is drained through sandy layer by transversal grade of roadway). 
The other bridge roadway pavement has not changed and despite its long use, it is in good condition. Static and 
dynamic tests of the bridges ascertained the following: in the first case the roadway plate load carrying capacity does 
not meet modem standard specifications, whereas in the other case it is capable of bearing advanced loads. 
In general, the whole experience of motor road bridges and viaducts inspection indicated "waterproofing" system 
to be one of the most vulnerable elements of roadway components. In many cases, they are produced considerable 
deviations from specifications, violations of the engineering construction technology, etc. 
To manufacture strong and durable roadway coating with high wear resistance and resistance to attack by 
corrosive media (water, salt, oil, etc.), polymer concrete cm-polyester, furfural acetone, epoxy and carbamide resin 
were studied. The most promising material for roadway pavement appears to be polyester polymer concrete capable 
of hardening at subzero temperatures and with cost which is 2-3 times less than that of epoxy material. Polyester 
polymer concrete materials possess sufficient water resistance (Kb=0.7-0.85) and frost-resistance (300-500 cycles). 
High resistance to attack by various acids and alkalis makes it possuble to obtain wear resistant coating for bridge 
roadways [4-9]. 
3. Experimental Program 
To make the specimens, a polymer concrete mix was applied (composed in conformity with SN 525-80 
specifications, with use of local fillers available and taking into account the specimens size and reinforcing). The 
mix composition consists of 52% crushed stone, 28% sand, 11% andesite meal, 9% resin, 8 % cobalt naphthenate 
and 4 % hydroperoxide isopropylbenzene (both in percentage of resin mass). 
Samples of 40.0×80.0×1000 mm were reinforced with fiber glass reinforced plastic possessing higher corrosive 
resistance, breaking strength, dielectric resistance than that of steel reinforcement, but having low modules of 
elasticity (approximately 50103 MPa), which predetermines its application as reinforcing material in prestressed 
state. 
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Produced in Byelorussian Republic and made of epoxyphenol aluminoboronsilicate fiber glass plastic, 
reinforcement has the following properties: P=39 kN breaking load, İ_bt=278.2×10-4 m ultimate strain, Rgl=1378 
MPa temporary rupture strength [10]. 
Polyester polymer concrete, glass-reinforced plastic, glass-reinforced plastic polymer concrete were investigated 
for endurance [11-15]. 
Samples in the form of prisms of 100×100×400 mm cross-section were tested for endurance with GRM-2A 
machine, with frequency of applied load of 670 cycle per minute and cycle asymmetry co-efficient of 0.1; 0.3; 0.6 
[16]. 
In each series the samples were tested under different loading levels being a certain part of failure load, while 
asymmetry coefficient for the whole series was constant. Endurance limit for each series was determined through 
maximum longitudinal strain versus amount of cycle’s curves. The endurance limit load was found for the sample 
being under the largest loading that had ceased straining completely. Higher loads resulted in continuous straining. 
Tested at U = 0.1 cycle asymmetry coefficient, sample endurance limit appears 0.34 Rb and correlation equation 
within endurance limit is 
80.21 8.95 N lgNV     (1 )  
Polymer concrete endurance limit at U=0.3 is NV  = 0.39 Rb and the equation runs 
76.85  7.75 N lgNV     (2) 
When U =0.6, endurance limit value is NV =0.45 Rb and the equation becomes 
72.30  6.05 N lgNV     (3) 
In Fig.l in compliance with equation (1)-(3) correlation straight lines are given in semi-logarithmic coordinate 
system. Absolute endurance area for every series was determined by a straight line parallel to abscissa axis and 
ordinate equal to endurance limit. 
Polymer concrete samples failed mainly fly longitudinal cracks which developed faster at higher loading level. 
GFRP strength and strain properties investigation for short term tests was conducted on a GSM - 100 A machine. 
To grip a reinforcement bar in the testing machine, cone-shaped clamps were manufactured with grooves and 
thread corresponding to reinforcement braiding pitch. To achieve reliable operation of clamps, abrasive paper strips 
were put between reinforcement bar and groove. 
At first, pilot tests were carried out to determine a value of an approximate breaking load. Then 35 m 
reinforcement was cut into 35 bars of 1 m length each. Diameters of every particular bar were measured. The first, 
third, fifth bar, etc. were selected to be tested by sustained and cyclic load.  
Strain level was measured with NIIZhB gauge equipped with a couple of indicators of 0.01 mm scale factor 
within range of 200 mm and a lever strain measuring device of 20 mm scale range. NIIZhB strain gauge was applied 
to the samples until rupture occurred and the last reading was taken. Load application speed was assumed to be 6.0 
MPa/min. The tests conducted proved such speed to reduce strength slightly and permit measuring strain level, 
while "G - 8" relationship is a linear one. 
For relaxation tests a spring frame unit was constructed with capacity exceeding 50 kN. Reinforcement ends of 
300 mm length were embedded in reduction metal pipes through epoxy resin and andesite meal to be mixed. 
Sample loading and load reduction was made by hand with a screw at loading start and completion time to be 
registered. It took 3-5 min for the whole procedure. 
Tests were carried out under a load of 0.2; 0.4; 0.5 and 0.6 of short time strength. Each load was applied to four 
samples . Strain constancy was registered by dial indicators graduated to 0.001 mm and 0.01 mm within 100 mm 
and 200 mm scale range respectively. Huggenberger’s strain gauge with 20 mm dial scale was used if needed. 
Relaxation tests were conducted by multistage creeping method. Testing was conducted in closed chamber at 80° ɋ 
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under the load to be 0.6 of temporary resistance for four samples. Dependent on initial stress, relaxing ceased after 
20-30 days (Fig.l). The results identified that stress fall occurred partially. The lowest stress was observed at the 
samples where by initial stress approached the temporary resistance limit. It amounted to 8.05-8.54 %. Stress fall-
initial stress relation is not linear [ 10, 17-19 ]. 
Glass-reinforced plastic samples of 100 cm length were tested for creep by a lever unit. At one end a 
reinforcement bar was embedded in a polymer concrete prism to the depth of 250 mm to avoid displacement, and it 
was gripped by a special clamp at the other end. Load quantity was defined through load weight. Maximum load 
capacity was 45 kN for each lever of the unit, the latter being calibrated with a reference dynamometer. Calibrating 
results proved applied load stability to be determined for each sample, proceeding from its measured diameter and 
breaking load being arithmetic mean between the first bar and the third one, the third bar and the fifth one, etc. The 
bars were arranged in 3 groups according to breaking load increase. 
 
 
Fig.l. Stress relaxation curves for glass plastic reinforcement  
1 - at 0V = 0.2 nrV ; 2 - at 0V = 0.4 nrV ; 3 - at 0V = 0.5 nrV ; 4 - at 0V =0.6 nrV . 
The load was applied to the sample for 1.5-2 min. Initial strain was defined by dial indicators graduated to 0.01 
mm of 200 mm scale and Huggenberger’s strain gauge with 20 mm dial scale. Creep flow was measured with 
Huggenberger’s strain gauge only. Testing was carried out under load of 0.2; 0.4; 0.5; 0.6 and 0.7 of temporary 
resistance. Four samples were tested simultaneously under each load. Pr e temperature was maintained steadily at 
18-19° ɋ by heating devices at 55% relative humidity. Load application time was 20-40 days. After 20-25 days 
breakage of two bars occurred under the load being 0.7 of breaking load. At the rest of the bars glass fiber 
delamination was observed. This fact proves the breaking load to be critical for glass-reinforced plastic [20]. 
In Fig.2 creep flow curves are given for four samples. From the curves in Fig.2 it is observed that straining rises 
at changing rate, which decreases, the course of time, and becomes attenuated. Long-term strength of glass 
reinforcement plastic is within the limits 0.6-0.7 of breaking load. The main factors to be of great influence on creep 
flow quantity and behavior are local failures of the overloaded sections as well as load redistribution in glass fiber 
due to binding creep flow. 
 
Fig.2. Creep flow curves for glass-reinforced plastic regardless of initial strain. 1 - at 0V = 0.2 nrV , 0
H =58×10-4; 2 - at 0V = 0.4 nrV  0
H
=110×10-4;   3 - at 0V = 0.5 nrV , 0H =142×10-4; 4 - at 0V =0.6 nrV , 0H =178×10-4. 
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Glass plastic reinforcement was tested for endurance by GRM-2A pulsar machine. To grip a reinforcement bar in 
the testing machine, suitable cone-shaped clamps were manufactured. To plot endurance lines the required number 
of samples was calculated. The total number of samples to be tested was 36 of 800 mm length. At every series 12 
samples were inspected when p=0.3; 0.6; 0.8 and load application frequency equal to 330 cycles/minute. The 
samples were tested to failure. The testing resulted in the following endurance empirical equations for glass plastic 
reinforcement: 
2004.06  215.6  ,                                                 0.3
2001.2 204.32  ,                                                  0.6










   
   
                            0.8U  
When number of loadings is 2  106: 
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To study strength, stiffness and crack resistance of glass-reinforced plastic and polymer concrete, plates 
measuring 600 x 1000 x 80 mm were prepared. Each glass reinforced plastic rod was 6 mm in diameter. Polymer 
concrete mix was analogous to the mix that had been used for strength and strain properties determination. 
Prestressing was taken as 0.4; 0.5; 0.6 of glass-reinforced plastic temporary resistance. After stress release and long-
duration cure the plates were put to bend.ng test with short-term increasing load with use of GSM-100A machine. 
As it was confirmed by tests, crack resistance of polymer concrete plates grew 2-2.6 times as compared to standard 
ones. Prestressing total loss does not exceed 30 % of initial loss under control. 
72 members in the shape of girders measuring 40×80×1000 mm were tested for endurance. The lower part of the 
girder in tension was reinforced with 2-4 glass reinforced plastic bars of 6 mm in diameter, 0.56-1.12 cm2 net 
section and μ=1.77 - 3.54 reinforcing factor. 18 members were united in one group to be 6 for each series under the 
same control stress value for glass reinforced plastic low being 0.3; 0.4; 0.5 Rgl, at μ= 1.77 - 3.54. 
In addition, 6 glass-reinforced plastic unstressed members with μ = 1.77 were tested at a specially manufactured 
test bed under 150 cycles/minute load application frequency and p=0.3; 0.6; 0.8. Endurance limit for specimens in 
each series was determined through bending flexure curves according to the number of load application cycles. The 
load, corresponding to endurance limit, was found through the least loaded specimen that had ceased straining 
completely. After 50-103 cycles of repeated load tests edge compression strain of every polymer concrete girder was 
measured. Maximum bending flexure in the bending zone was measured as well. In Fig. 2 endurance curves in 
compliance with the results of the tests are shown. 
As it was established by tests, endurance limit of glass-reinforced plastic and polymer concrete components 
depends on glass plastic reinforcement prestressing level and reinforcing factor of components. Within the test limits 
fatigue strength grows as reinforcing percentage increases by 14.8%. At the same reinforcing percentage, endurance 
limit is higher when glass-plastic reinforcement prestressing is higher. For instance, if the reinforcement prestressing 
value increases from 0.3 to 0.5 Rgl, endurance limit grows up by 11% against 10% when components reinforcement 
is unstressed. It is explained by the fact that height propagation of cracks in prestressed components is less. As a 
result of this, internal level arm resisting to external load decreases. 
Availability of prestress provides shrinkage of polymer concrete within an extended tension zone. Consequent 
crack initiation and propagation takes place considerably later. As asymmetry coefficient of external load 
application increases, components’ fatigue strength grows. For instance, under the same prestress value when p 
increases from 0.3 to 0.8, endurance limit grows by 17-23%. It is a result of the lower stress drop in glass-plastic 
reinforcement on the one hand and asymmetry co-efficient growing in the tension zone, on the other hand. 
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4. Conclusion 
Thus, the results of endurance tests of glass-plastic reinforcement, PN-609-21M polyester polymer concrete and 
roadway structure components made of prestressed plastic and polymer concrete permit to come to a conclusion of 
profitable use of polymer concrete constructions in bridge building. 
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